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In recent years a great amount of work has been done on reveg-
etation of eroded farm lands. Grasses, because of their great 
economic value and erosion controlling properties, have been widely 
used. In the native prairies there are associated with the dominant 
grasses a large number of subdominant forbs which are an integral 
part of the vegetation. Agencies dealing -with revegetation have 
expressed an interest in the possible use of some of these native 
forbs to supplement grasses in revegetation projects. 
Of the many plant families of the native flora, legumes have 
received special attention because of their close relationship to 
nitrogen-fixing bacteria. Cultivated legumes have long been used 
as restorers of soil fertility ani it is quite possible that native 
plants can be used for a similar purpose. 11 The occurrence of leg-
umes and other nodule-bearing plants among nati ve vegetation is un-
doubted.J.y of great significance in maintaining soil fertility 11 (Weaver 
and Clements, 1938). 
Since the on]y economical way to establish such plants is by 
seed, a knowledge of their early growth habits is very important. 
Such information rnay also have some ecological application since, 
to occupy a permanent position in established vegetation, a plant 
must be able to reproduce itself. By growing the plants under 
optimum conditions the modifying effects of various environmental 
factors may be determined by future studies. 
2 
This study was undertaken to obtain more basic information about 
top and root development during the first season. The plants selected 
for study were: Petalostemon purpureus (purple prairie clover), 
Petalostemon candidus (white prairie clover), Psoralea tenuiflora 
(wild alfalfa), Psoralea cuspidata (prostrate wild alfalfa), and 
Vicia americana linearis (vetch). Vetch is given as Vicia sparsi-
folia in Rydberg (1932) but the seeds received were labeled as above 
and this name was retained. In the following pages it is referred to 
as Vicia americana for briefness. 
RELATED STUDIES 
There has been very little work done on the early growth 
habits of forbs although plants more economically important have re-
ceived considerable attention. Riegel (1940), using blue grama 
(Bouteloua gracilis) seed obtained from southern, central, and northern 
sections of the Great Plains, found plants of southern origin developed 
the most foliage and plants of northern origin the least. Root pene-
tration at the end of the first year varied from 65 to 240 cm. and at 
the end of the second year from 187 cm. for Kansas plants to 287 cm. 
for those from Arizona. Hopkins (1941) made a similar study of side-
oats grama (Bouteloua curtipendula). At the end of the first season 
the roots were about 6 feet in depth but southern plants reached a 
depth of 10 feet 6 inches at the end of the second season and produced 
the most for age. In both studies plants from the central region were 
best adapted to the climate of western Kansas where the studies were 
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conducted. Webb (1941) studied the life history of buffalo grass 
(Buchloe dactyloides) and found roots penetrating to 4 feet 8 inches 
by the end of the season. The top of one vigorous plant occupied 
a circular area of 45 square feet. 
Frazier (1943, 1943a, 1944, 1944a) has studied the growth 
habits of four noxious perennial weeds. He found field bindweed 
(Convolvulus arvensis) extending radially by a series of lateral 
roots 10.33 feet in one growing season and by the middle of the t hird 
season one root had reached a depth of 23 feet. Hoary cress (Lepidiurn 
draba) extended radially 11.25 feet by the end of the second season 
and the roots were 10 to 12 feet in depth. Russian knapweed 
(Centauria picris) had a radial spread of 11 to 12 feet and a depth 
of 10.5 feet at the end of the second season. Dogbane (Apocynum 
cannabin1llll) had a radial width of ll.66 feet and a depth of 7 feet 
at the end of the first season. 
Blake (1935) made an intensive study on germination, viability, 
and early life history of prairie grasses and forbs. The life 
history studies revealed that a deeply penetrating r oot was devel-
oped rapidly before much of the top was e.:xposed to water loss. 
Holch (1931) studied growth of 5 deciduous forest trees in 
3 habit ats. Greatest growth was attained in prairie sites where 
the strong tap root of bur oak penetrat ed to 5.7 feet t he first 
year and least in the linden forest with intermediate growth rates 
occurring in the oak forest. Development of shoots and roots of 8 
species of deciduous forest tree seedlings has been studied by 
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Biswell (1935) under various envirorunental conditions. Root systems 
were largest under full sunlight and root penetration was greatest 
in loess soil, with depths of 36 to 56 inches being reached by the 
end of the first season. 
Weaver (1920, 1921) in his extensive study of the root systems 
of mature plants in the grassland formation included 3 of the species 
discussed in this paper. Psoralea tenuiflora had a deep tap root 
with no provision for surface absorption. Maximum depths of 8 to 
over 12 feet were found. Petalostemon purpureus was characterized 
by the large laterals arising in the first few inches which provided 
for surface absorption as well as penetrating vertical]y. Depths 
were from 5.5 to 8.4 feet. Petalostemon cand.idus was very similar 
except it had fewer laterals and less provision for surface absorp-
tion. Depth was over 5.5 feet. Albertson (1937) examined root 
systems of 2 of the plants in his stud,y of the mixed prairie. On 
the deep upland soils Psoralea tenuiflora penetrated to 9 feet, 
with little branching in the first 2 feet. Petalostemon purpureus 
occurred principal]y on the hillsides where soils were shallow and 
penetrated to about 3 feet. 
METHOD OF STUDY 
The seeds used in this study were obtained from the Soil 
Conservation Service nursery at Manhattan, Kansas. They had been 
collected in 1947, 1948, and 1949. The seeds were planted as 
received, no attempt being made to i~crease germination by 
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scarification. A seed bed was selected on a deep, sandy-clay loam 
creek bottom soil. The plot was formerly occupied by shrubs and 
flowers and was located adjacent to a water supply for irrigation 
purposes. In preparation, the seed bed was plowed to a depth of six 
inches, harrowed an:l then rolled with a heavy packer. The seeds of 
fifteen species were planted during the first two days of May in 
rows thirty-six feet long spaced three feet apart. Each row was 
divided into seventeen stations with progressively increasing 
intervals between each station. The seeds were planted one-fourth 
to one inch deep for a distance of 6 or 8 inches at each station. 
Rows and stations were marked by stakes. The plot was irrigated by 
sprinklers when needed. A nmlch of leaves was placed on the rows 
to prevent desiccation of the surface soil until the seedlings had 
emerged. As each seedling emerged a small stake bearing the date 
of its appearance was placed beside it so the exact age of the plant 
could be easily determined. The plot was kept free of weeds and the 
plants thinned to prevent competition. 
Root growth was determined at close intervals during the 
early part of the season and at progressively longer intervals as 
the season advanced. Two methods were used in excavating the roots. 
The young plants were removed as an entirety by digging a hole 
beside them and washing the soil away from the roots with a fine 
spray. Drawings were made by floating the roots in water and 
arranging them in accordance with field sketches and measurements. 
When the plants were seven weeks of age the roots were so extensive 
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the bisect method had to be used. A trench was dug beside the plant 
to be removed and the roots exposed by using an ice pick and a very 
fine spray. Each portion of the root system was measured as exposed 
and drawn to scale on graph paper . As much of the root system was 
exposed as time permitted. 
Observations were made of the top growth each time a root was 
excavated. Height, degree of branching and number of leaves were 
recorded at each interval. Time and duration of flowering were 
recorded for each species under observation. Roots and tops of all 
plants excavated were immediatezy placed in formaldebyde-alcohol-
acetic acid solution to preserve them for future study. 
RESULTS 
Of the 15 species planted only 10 germinated in sufficient 
numbers to permit study. Due to rapid growth of the roots and the 
necessity of keeping excavations within a time limit onzy 5 species 
could be studied throughout the season. 
Because some of the plants grew in a decumbent position and 
others erectly 11 height 11 has been used to designate the distance from 
the base to the tip of the plant but is not meant to impzy that all 
of the plants extended vertically for the indicated distances. In 
the description of root systems, laterals arising on the tap root 
are considered as first order branches and branches of the laterals 
as second order branches, etc. 
The end-of-season plants were removed when they were about 
20 weeks old. 
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Top Development of Psoralea cuspidata 
Emergence of seedlings began on May 12, 10 days after planting. 
Germination continued intermittently for more than a week. Immedi-
ately after appearing above the surface of the soil the thick coty-
ledons opened out in a horizontal position 0.12 inch above the ground. 
The cotyledons were 3 by 6 mm. ani persisted until the fourth week. 
The first leaf, consisting of 2 leaflets, had nearly completed un-
folding by the sixth d.zy-. 
Growth in height proceeded slowly with leaf formation and 
branching being correspondingly slow until late in the season (Fig. 
1). At 7 weeks, only 8 leaves were present on a single stem. 
Branching of the stem occurred between 9 and 13 weeks. Height at 
13 weeks was 5.25 inches with the stem dividing to form two short 
branches. At the end of the season the plant was 11 inches tall and 
had 24 leaves borne on 3 branches. The plant assumed the prostrate 
position and crooked stem characteristic of mature plants after the 
fifth week. 
The leaflets increased in rmmber and size as the season pro-
gressed. The two leaflets of the first leaf were 3 by 4 mm. at 10 
days. Each succeeding leaf tended to be slightly larger than the 
preceding one and leaflets at the end of the season averaged 13 by 
26 mm. The number of leaflets per leaf increased from 2 to 3 with 
the formation of the second leaf. Subsequent leaves had 3 leaflets 
until the ninth week when the two youngest leaves had 5 leaflets. 
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Inches of t op growth of Psoralea cuspidata from 
3 days after emergence to the end of the season 
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The 13-week plant had only 3 leaflets per leaf but half of the leaves 
on the end-of-season plant had 5. 
Flower buds began to appear during the last few days of July. 
The first blossoms appeared on August 15 when the plants were 14 
weeks old and the period of anthesis continued until frost. The 
plant excavated at the end of tre season had 24 flower spikes. 
Root Development of Psoralea cuspidata 
Root development was characterized by the early and extensive 
development of a tap root system. Penetrating vertically downward, 
the primary root reached a depth of 4.25 inches by the third day 
(Fig. 2). The first lateral was found on the 6-day plant. The 
number of laterals had increased to 9 by tra tenth day, but only 7 
were found on the 7-inch root of the 14-day plant. Additional plants 
excavated during this earzy period revealed that the number of later-
als varied considerably from plant to plant . By 21 days the tap root 
had extended to 8.75 inches and had 19 laterals. A few branches of 
the second order had appeared on 3 of the longest laterals. 
The plant excavated at 5 weeks was somewhat atypical because 
the tap root had struck a large rock at a depth of 14 inches, causing 
the formation of several laterals and loss of the tap dominance 
(Fig. 3). The limited number of plants available prevented the 
excavation of a substitute. The 53 laterals were distributed fairly 
evenly over the tap root. A few branches of the second order were 
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Fig. 2. Depth and branching of Psoralea cuspidata 
roots from 3 to 21 days after emergence 
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Fig . 3. Depth and branching of Psoralea cuspidata 
roots 5 and 7 weeks after emergence. Tap 
root of 5-week plant struck large rock at 




present but none were over 0.5 inch in length. The upper 2 inches 
of the root were enlarged, marking the beginning of the storage 
portion of the root. By the seventh week the tap root had penetrat-
ed to 39.5 inches and the number of laterals had increased to 132. 
Several laterals in the second foot were longer than the majority 
and beginning to turn downward. Branching of the second order was 
still erratic and the roots were very short. The enlarged portion 
of the root was 3.62 inches long and 0.12 inch in diameter. The 
color of the upper 6 inches had changed from white to light brown. 
When the 9-week plant was excavated it was found that the tap 
root, due to an undetermined cause, had stopped growing at a depth 
of 9 inches. However 6 long laterals arose between 8 and 9 inches 
and grew nearly straight down, one of them penetrating to a depth 
of 4 feet (Fig. 4). The tap root proper had a diameter of 0.18 
inch for the first six inches and only a few laterals originated on 
this portion of the root. Second order branching was more extensive 
than at 7 weeks and one branch found at a depth of 9 inches extended 
horizontally for five inches and had branches up to the fifth order . 
Depth of the root system increased 2~ inches in 4 weeks as roots 
of the plant excavated at 13 weeks extended to a depth of 6 feet. 
Scarcity of laterals in the first foot was very conspicuous. A 
number of laterals arising in the second foot grew outward and 
slightly downward until 6 to 8 inches from the tap root, then 
turned rather sharply and grew nearly straight downward for the re-
mainder of their length. Second and third order branches were most 
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Fig. 4. Depth and branching of the root system of 
Psoralea cuspidata at 9 weeks, 13 weeks, and 
at the end of the season. End-of-season plant 
about 20 weeks old 
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a maximum lateral spread of 30 inches between the above depths. 
The storage part of the tap root was 5.5 inches long and 0.43 inch 
in diameter . ·The tap root was light brown in color to a depth of 
2.5 f eet. 
The plant excavated at tbe end of the season had a double tap 
root. The upper 10 inches of each had a maximwn diameter of o.62 
inch and were twined together. The maximum depth of 7 feet 2.5 
inches was attained by a lateral originating at a depth of 2.5 feet. 
One tap root extended to 7 feet 1 inch and tre other to 6 feet 5 
inches . Only a few short, fine, dark colored laterals were found 
in the first foot. Four major laterals arose in the second foot, 
the compact soil at this level causing considerable contortion. A 
number of long laterals and a few second and third order branches 
were present in the third foot. 
The white, slender, second- and third-order branches reached 
their greatest abundance in the sand.,v clay of the fourth and fifth 
feet . These roots had an average length of 7 inches, although 
several were 20 inches long. The majority grew in a horizontal 
plane and gave a maximum lateral spread of 37 inches in the fourth 
foot. The tap roots were dark brown in color at the top, changing 
gradually to white below 3 feet. The upper portions of the large 
laterals were brown in color and were characterized by a diameter 
smaller at the union with the tap root than at the terminal portions. 
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Top Development of Psoralea tenuiflora 
Emergence of seedlings began 12 days after planting and con-
tinued spasmodically for two weeks. The cotyledons opened out in a 
horizontal position 0.12 inch above the ground and turned dark green 
in color. They were 3 by 7 nnn. and persisted until tbe fourth week. 
The 2 leaflets of the first leaf were present on the 6-day plant and 
the second leaf was visible but not unfolded. Height had increased 
to o.62 inch (Fig. 5). 
Subsequent grCNTth until the fifth week consisted of the add-
ition of leaves and an increase in height as each new leaf was 
formed above the preceding one. The 5-week plant was 2.5 inches 
tall. Seven leaves and the first branch were present. The 7-week 
plant was 4.87 inches tall and the branches of the forked stem were 
nearly equal in length. The number of leaves had increased to 140 
By 9 weeks the height had increased only o.88 inch, making a 
total height of 5.75 inches. Hmiever, t : e stem had divided to form 
4 branches with 30 l eaves showing that growth was proceeding at its 
former rate. A height of 8.75 inches had been reached by the 
thirteenth week. Branching of the stem was extensive with 5 major 
branches having 25 subdivisions, 155 leaves and 62 flower spikes . 
A height of 13 inches was attained by the end of tbe season. 
Branching, as at 13 weeks, was quite extensive, the first branch 
arising 1 inch above the ground. The 111 leaves were found only on 
the outer ends of the branches. Loss of the leaves at the base of 
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Fig. 5. Height in inches of Psoralea tenuiflora 
from 3 days after emergence to the end 
of tte season 
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the plant accounts for the reduction in number from 13 weeks. Only 
7 flower spikes were found on this plant. 
Flowering began du.ring the twelfth week and contirru.ed spas-
modically until frost. Leaflets maintained a fairly uniform size 
throughout the season. Average size at the end of the season was 
S by 13 mm. with larger and smaller leaflets occurring at the base 
and top of the plant respectively. The plants were characterized by 
a sprawling, decumbent growth habit after the seventh week. They did 
not develop the upright, rigid stem characteristic of adult plants 
and the tops did not break off as do those of mature plants. 
Root Development of Psoralea tenuiflora 
This root system displays the rapid formation of a deep tap 
root even more markedly than ~. cuspidata. A growth rate of over 
an inch per day was maintained far the first 6 days when the 3.88 
inch depth attained by tre third day was increased to 7o56 inches 
by the sixth day. The number of laterals increased from 12 on tre 
6-day plant to 20 on the 10-day plant (Fig. 6). At 21 days a depth 
of 16.S inches had been attained. The 43 laterals, some having 
second-order branches, were uniformJ.y distributed between 1 and 14 
inches. 
The tap root of the 5-week plant split at a depth of 2.25 
inches (Fig. 7). The deepest branch was the smallest in diameter 
and its laterals not as long or numerous as those on the shorter 
branch. Second- order branching was very limited. The topmost 3 
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Fig . 6. Depth and branching of Psoralea tenuiflora 
roots from 3 to 21 days after emergence 
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Fig. 7. Depth and branching of Psoralea tenuiflora 
roots at 5 and 7 weeks after emergence 
19 
20 
inches of the tap root were slight]y enlarged indicating that the 
storage portion of the root was beginning to develop. The plant 
excavated at 7 weeks had reached a depth of 40 inches. A profusion 
of short laterals was distributed evenly along the tap root. Second-
order branches were found on the longer laterals in the first 8 inches 
and on laterals between 16 and 22 inches. The storage portion of the 
root was about 5.5 inches long and tapered very gradually from its 
maximum diameter of 4 mmo to the 1 mm. diameter of the root at 10 
inches. 
When the 9-week excavation was made a double tap root was 
found. One root had penetrated to 57.5 inches, tbe other to 45 
inches (Fig. 8). Laterals were up to 10 inches in length but the 
0.5 to 1 inch second-order branches were few and scattered. Both 
tap roots had storage organs 4 mm. in diameter and 5 inches long. 
The upper parts of the tap roots were light br own in color. 
The 13-week plant had a depth of 6 f eet 1 inch which was 
reached by a lateral arising at a depth of 51 i nches. The t ap root 
penetrated to 5 feet 9 inches. Only a few of the laterals formerly 
prevalent in the fir~t 18 inches were left. The laterals occurring 
below this depth were white, slender, and very turgid. They ex-
tended horizontaD.y or turned downward in a gentle curve. Average 
length in second and third feet was Jli inches, the on]y large lateral 
originating at JO inches to grow horizontally for 9 inches before 
turning down and extending to the same depth as the tap root. Between 
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Fig . 8. Depth and branching of Psoralea tenuiflora roots 
at 9 weeks, 13 weeks, and at the end of the 
season 
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a large number of laterals. Laterals below this point were shorter 
but still averaged 6 to 9 inches in length with erratic second 
order branching. The tap root was enlarged to a depth of 3 feet 
and light brown in color. The few, fine laterals in the first foot 
also had a brown tint. A maximlllll lateral spread of 38 inches occurred 
between 40 and 46 inches. 
The final excavation revealed a maximwn depth of 7 feet 3 
inches. The tap root was very large and brown in color for the 
first 3 feet. Only a few fine, dark colored laterals occurred in 
the first two feet. Two very long laterals arose in the top half 
of the third foot and several more at a depth of 3 feet where the tap 
root proper ended. The second order branches arising from the 3 main 
laterals which had replaced the central tap root became very profuse 
below 42 inches. They grew in a nearly horizontal plane or in a 
sweeping downward curve. A length of 15 to 30 inches was usual 
although a large number of shorter roots 2 to 8 inches long were 
present. Below 5.5 feet, length decreased b't number increased. 
These branches were white, turgid, and very brittle, especial]y near 
their ends . The pockets of high sand content were the areas of most 
extensive branching, few occurring where the tight, gumnzy- clay 
layers were encountered. The maximum lateral spread of 4 feet 
occurred at a depth of 5 feet. A layer of granular, black soil en-
countered at 7 feet had caused the root tips to become swollen and 
distorted. 
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Top Development of Petalostemon purpureus 
The seeds had a high percentage of germination and emergence 
was nearly complete 13 days after the seeds were planted. The coty-
ledons were 2.5 by 1.5 mmo and when open only 0.06 inch in height. 
The first 2 leaves appeared almost simultaneously and were unfolded 
on the tenth day. The third leaf had not opened until t he fourteenth 
day. When the plant was examined at 3 weeks 4 leaves were present 
and the plant was 0.87 inch in height (Fig. 9). 
The 5-week plant was 2.87 inches tall, more than double the 
height at 3 weeks, and the number of leaves had increased to 13. 
The cotyledons were still present and were not lost until the sixth 
week. At 7 weeks the single stem was 4.62 inches in height with 
35 leaves. Branching af the stem began after the seventh week and 
the 9-week plant had 5 branches with an average length of 3 inches. 
Total height was 9.5 inches and 167 leaves were present. 
By the thirteenth week the branches r _ the plant were well 
developed. The central stem, terminating in a flower spike, was 
16.5 inches in height and supported 13 branches. The 5 lower 
branches were tre largest, being from 9.5 to 14.12 inches long. 
Length of tre other branches decreased as their height on the stem 
increased. The IJtl.Illber of leaves had increased porportionally to the 
branching and a single branch 10.5 inches long had 123 leaves. Four 
of the larger branches had flower spikes and some blossoms were 
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The plant grew only 1.5 inches in height after t he thirteenth 
week to give a seasonal height of 18 inches. Most of the growth had 
occurred in the branches on the central stem and the 3 very large 
branches at the base of the plant had S to 6 secondary branches from 
2 to 5 inches in length. The stem had a basal diameter of 0.37 inch. 
Seventeen flower spikes were present. 
The plant grew erect throughout the s eason and none of the 
branches touched the ground. OnJ.y 3 leaflets were present on the 
first leaves but many of the later leaves had S. The size of leaf-
lets varied greatly within an individual plant, some measuring as 
much as 2 by 20 mm. Flowers appeared on August 12 when the plants 
were 14 weeks old and lasted until frost. 
Root Development of Petalostemon purpureus 
The tap root, which grew rather slowly during the first few 
weeks, gave rise to a very extensive root system by the end of the 
season. Examination of the roots when 3 and 6 days old revealed 
depths of 1.75 and 2.12 inches respectively (Fig. 10). Two laterals 
were present at 10 days and 8 were found on the 14-day plant. At 
21 days a depth of 7.37 inches had been attained by the slender, 
white tap r oot, and 11 short laterals were present. 
By the end of the fifth week the tap root had reached a depth 
of 16.62 inches (Fig. 11). Of the 53 laterals, a few a.rising in the 
first 3 inches were beginning to turn downward and had a number of 
second-order branches. The 7-week plant had a tap root which split_ 
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Fig. 10. Depth and branching of Petalostemon purpureus 








Fig. 11. Root system of Petalostemon purpureus 
at 5 and 7 weeks after emergence 
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in the third inch . The two branches were of nearly equal diameter 
and penetrated to 15 .5 and 22.18 inches. One of the laterals origin-
ating on the top 3 inches of tbe tap root had reached a depth of 16 
inches. Branches of the second order occurred primarily on the longer 
laterals in the first 6 inches. 
By the end of the ninth week the tap root had reached a depth 
of 35.5 inches (Fig. 12). The upper portion of the tap root was 
slightly enlarged and light brown in color. Four of the laterals 
arising in the first 3 inches had reached depths between 14 and 20 
inches . Laterals originating below a depth of 6 inches were much 
shorter although two which originated at 21 inches extended down-
ward parallel with and nearly to the same level as the tap root. 
Second-order branches were quite numerous in the first foot, the 
longest being 4.5 inches in length. A few third-order branches were 
found . 
A depth of 43 inches was found when the r oot system was exca-
vated at 13 weeks. The top 4 inches of the tap root and the proximal 
portions of the large laterals were enlarged and the roots were 
yellowish brown in color for 6 to 12 inches. The largest laterals 
originated on the first 4 inches of the tap root. They grew nearly 
horizontally until 6 to 10 inches from the tap root and then turned 
rather sharply downward. One of them reached a depth of 40 inches 
and had a second-order branch 30 inches long. Laterals at depths 
between 6 and 30 inches were only 1 to 3 inches long. Below 30 
inches a number of 5 to 10 inch l aterals were found . Branc~es of 
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Fig . 12. Depth and branching of Petalostemon 
purpureus root system at 9 weeks, 13 







the second order were numerous, especially in the first foot, some 
growing almost straight up until within 2 inches of the surf ace. Third-
order branching was well developed. 
The root system examined at the end of the season was very 
extensive. The tap root had penetrated 37 inches after the thir-
teenth week to give a seasonal depth of 6 feet 8 inches. Two inches 
below the surface the tap root was 0.75 inch in diameter. The tap 
root and larger laterals were yellowish brown in color to a depth 
of 3 to 4 feet. Fifteen major laterals were found on the first 4 
inches of tl::e tap root, the largest having a diameter of 0.43 inch. 
Many of these laterals reached a depth of 5.5 to 6 feet. Usually one 
or more large second-order branches were given off near the top of 
the laterals although some extended for 2 feet without giving off 
a major branch. Some of these second-order branches extended 
horizontally and branched extensively in the upper 1.5 feet of soil. 
others extended downward to depths of 5 feet or more. 
Not all of the major laterals pursued a downward course. One, 
which was of a comparable diameter to those extending to 5 feet, 
grew in a horizontal plane and all of its branches were in the first 
foot. A maze of fine branches from this extensive branching of tap 
root and laterals thoroughly permeated the first foot of soil where 
the maximum lateral spread of 57 inches occurred. 
Laterals arising on the tap root below 4 inches were very 
short until a large lateral arose at a depth of 21 inches to pursue 
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a torturous downward course to nearly 6 feet. A few laterals 12 to 
JO inches long were found below this point. In the fifth and sixth 
foot the fine, white branches of tap and laterals averaged 9 per 
inch and were 3 to 8 inches in length. Except for the hard layer 
in the second foot all parts of t he soil were well occupied by the 
white absorption roots. 
Top Development of Petalostemon candidus 
Germination and emergence were very similar to!'._. purpureus, 
both species appearing on the same date. The cotyledons were 1.8 
by J.5 mm. on the third day and in tbeir horizontal position only 
0 .06 inch in height. The appearance of the first leaf by the sixth 
day increased the height to 0.25 inch (Fig. 13). The first leaf 
had unfolded by the tenth day and anot her leaf had appeared below 
it. A height of 0.62 inch was reached by the fourteenth day and 
the third leaf was present. At the end of the t hird week the stem 
was 1.5 inches in height with the 4 leaves having 3 leaflets each . 
The 5-week plant was 2o87 inches in height. The youngest 3 
of the 8 leaves had 5 leaflets. The cotyledons were still pr esent 
and were not lost until the latter part of the sixth week. In the 
following 2 weeks, height was more than doubled, the 7-week plant 
having 12 leaves and a stem 6.37 inches in height. There were JO 
leaves, the uppermost o~es having 7 leaflets, present on the 10.75 
inch stem of the 9-week plant. 
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Growth in height of Petalostemon candidus 




Branches of the stem developed between 9 and 13 weeks. The 
13-week plant was 18 . 5 inches tall with 6 branches. The f irst 
branch was 7.75 inches above the ground and 2 . 5 inches long . The 
other branches were 4 to 8 inches in length. Flower spikes were 
beginning to develop on the upper 5 branches and the central stem 
had blossoms on its terminal spike. 
By the end of the season, a height of 25.5 inches had been 
reached . The first of the 13 branches arose at a height of 2.5 
inches. There were 3 branches 1.75 to 2.5 inches long near the top 
of the plant but the remainder were from 8.5 to 15.25 inches in 
length. Nine of t he branches and the central stem terminated in 
flower spikes. Including t he small leaves arising in the axis of 
the larger ones there were 309. The number of leaflets ranged from 
3 to 7 with 5 being the average number. 
The plants grew erect throughout the season. Flower spikes 
began to develop after July 29 and blooming was continuous from the 
twelfth week until frost. The leaflets i ncreased in size from 1 
by 2 .5 mm . on the 10-day plant to an average of 3 by 18 mm. at 
the end of the season . 
Root Development of Petalostemon candidus 
Early root development was very similar to that of f. pur-
pureus . Depths of 1.18 and J . 87 inches were reached by the tap 
root on the third and tenth day respectively (Fig. 14) . The 
laterals increased from 2 on the 10-day root to 19 on the 7-inch 
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Fig. 14. Depth and branching of t he roots of Petalo-




root of the 21-day plant. The depth reached at the end of the fir.st 
3 weeks was more than doubled by the end of the fifth week as the tap 
root had penetrated to a depth of 14. 7 5 inches. Laterals had in-
creased in number and length and some of the larger laterals arising 
in the first 3 inches were starting to turn downward and had a 
number of short second order branches (Fig. 15). The plant removed 
at 7 weeks had a shallow tap root which split at a depth of 3 inches 
into two branches which extended to depths of 13 and 15 inches. One 
of the 3 prominent laterals arising in the second inch penetrated to 
a depth of 24 inches. Branches of the second order were numerous 
and a number of third-order branches were foundo 
At 9 weeks a depthaf 33.5 inches had been reached (Fig. 16). 
Four large laterals arose on the enlarged portion of the tap root 
in the first six inches. They turned sharply downward when 3 to 4 
inches from the tap root and 3 of them terminated in the second 
foot while the longest reached a dept of 30.5 inches. Second-order 
branches with lengths up to 8 inches were found growing in a horizon-
tal plane in the first foot. Third-order branches were short and 
confined almost entirely to the first foot. 
The first 4 inches of the tap root of the plant removed at 13 
weeks was very heavy, having a diameter of 0.5 inch. The tap root 
extended to a depth of 40 inches while the maximum depth of 43 inches 
was attained by one of the large laterals arising in the first 4 
inches. Three major and 16 smaller laterals were found on tre first 
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Fig . 15. Depth and branching of the roots of Petalo-
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Fig. 16. Depth and branching of the root system 
of Petalostemon candidus at 9 weeks, 13 
weeks, and at the end of the season 
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2 inches of the tap root and 5 fairly large laterals between 2 and 
6 inches. A large number of second-order branches originated in the 
first foot. Some grew in a horizontal direction while others turned 
downward and reached depths of 18 to 24 inches. Almost all of the 
major roots grew on tre left side of the plant for some undetermined 
cause. The maximum lateral width of 20 inches occurred in the first 
foot. 
The final excavation revealed a root system which was well 
developed, especially in the first 4 feet of soil. The tap root was 
0.75 inch in diameter 1 inch below the surface and 0.25 inch at 8 
inches. At a depth of 21 inches it grew horizontally for 10 inches 
before turning downward to terminate at a depth of 5 feet 7 inches. 
The maximum depth of 6 feet 2.5 inches was reached by one of the 6 
large laterals arising between 1 and 5 inches. Each of these major 
laterals gave off 3 to 5 large second-order branches in the first 
8 inches which grew obliquely outward and downward for 3 to 10 
inches before turning to follow a nearly vertical downward course. 
The yellowish brown color first apparent at 7 weeks extended to a 
depth of 2 to 3 feet on tre larger roots. 
A large number of fine roots originated on the tap root and 
large laterals in the first foot. These roots grew in a horizontal 
or slightly upward plane, some terminating only 1 inch below the 
surface of the soil. They were extensively branched, having as 
many as 16 fine, short rootlets per inch. A large number of second-
and third-order branches 4 to 6 inches long were found between depths 
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of 12 and 30 inches but below 30 inches they were seldom over 3 inches 
in length and usually 1 inch or less. Most of the root system was 
found in the first 4 feet of soil and on]y a few roots reached the 
sixth foot. The maximum lateral spread of 3 feet occurred at a depth 
of 4 feet. 
Top Development of Vicia americana linearis 
Emergence began on May 13, 12 days after the seeds were planted. 
A fairly good rate of germination was obtained and most of the plants 
had emerged by the seventeenth day. V. americana differs from the 
other plants studied in that elongation occurrs in the epicotyl in-
stead of the hypocotyl and consequently the cotyledons remain with-
in the seed coat. At 3 days the rapidly growing stem had attained 
a height of 0.75 inch and 4 leaves, each having 2 leaflets, were 
present although none was fully opened. The 6-day plant had a 
height of 1.06 inches with 4 open leaves. Five l eaves were unfold-
ed on the 10-day plant. The 21-day plant was 3.37 inches tall and 
had 7 leaves (Fig. 17). The first tendril appeared on an upper 
leaf of the 21-day planto 
The stem began to branch between the third and fifth week 
and the stem of the 5-week plant was divided into 3 branches 0.25 
inch above the ground. The tendrils of the 30 leaves fastened the 
branches loosely together and the plant sprawled on the ground. In 
the following 2-week period the plant made rather rapid growth and 
had attained a height of 7.06 inches by the end of the seventh week. 
Fig. 17. 
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VICIA AMERICANA LINEARIS 
Growth in height of Vicia americana from 3 
days after emergence to the end of the season 
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The stem divided into 2 large and 2 small branches 0.37 inch above 
the ground. A few small secondary branches occurred and 44 leaves, 
some of the younger ones having 5 leaflets, were present. 
The plant was 13 inches in height at 9 weeks but grew as it 
had since the fifth week, in a decumbent, viny fashion, being about 
4 inches tall in its natural position. Four branches arose 0.37 
inch above the ground. There were 86 leaves, the younger ones 
having 10 leaflets. 
The 13-week plant was very viny and covered an area approxi-
mately 7 by 19 inches. Extended length was 30 inches and natural 
height about 7 inches. The stem divided into 5 branches 0.5 inch 
above t he ground and a large number of secondary branches were 
present. The 200 leaves had 6 to 10 leaflets and their tough 
tendrils bound the plant firmly together. Five flower spikes were 
present near the ends of the two longest branches. 
The end-of-season plant was not as large as t he very 
vigorous 13-week plant. In its natural position it covered nearly 
as large an area but its extended length was only 25.75 inches. 
The stem divided to form 2 large and 3 smaller branches 0.75 inch 
above the ground. 
than at 13 weeks. 
There was a larger number of secondary branches 
As before, the tendrils of the 178 leaves tied 
the branches together. Eleven inches from the base of the main 
plant there was a top arising from a rhizome. It was 9 inches in 
height and the 3 branches which arose at ground level supported 
22 l eaves. 
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Blossoms fir s t appeared on July 29 when the plants were 11 
weeks old. Only part of t re plant s produced flowers and all blooms 
had faded by September 8. The leaflets increased in si~e from 4 
by 9 mm. at 6 days to an average size of 4 by 20 mm . at the end of 
the season. Mature leaves were 3.5 inches in length including the 
tendril which was 1.25 inches long . 
Root Development of Vicia americana linearis 
The root system made fairly rapid growth during the early 
stages. The root removed at 3 days had penetrated to a depth of 
3 .25 inches. The first laterals were found on the 10- day plant and 
16 were present on the 9.5 inch root of the 14-day plant (Fig . 18) . 
By the end of the third week the rather heavy, white tap root had 
reached a depth of 14.25 inches. There were 43 laterals, the upper 
ones being 2 to 3 inches long and having a few very short second-
order branches (Fig. 19) . The seed which had been present on the 
earlier plants was no longer in evidence . 
The tap root of t te 5-week pl ant extended to a depth of 20. 25 
inches . Second-order branches were still quite short and limited 
to the topmost laterals . By the end of the seventh week the heavy 
tap root had penetrated to 32 .18 inches . There were a great many 
lateral roots at all depths although those between 10 and 18 inches 
were short and contorted due to the compactness of the soil in that 
region . The majority of the lateral roots were still growing only 
slightly downward and second- order brar1ches were short anC: scattered. 
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Fig. 18. Depth and branching of Vicia americana roots 
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Fig . 19 . Depth and branching of the root system of 
Vicia amer icana at 3, 5, and 7 weeks after 
emergence 
Two rhizomes, 0. 87 inch in l ength, were found at a depth of 0.75 
inch. They were ver y brittle and wilted quickly when exposed . 
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Tlle tap root of the plant r emoved at 9 weeks extended to a 
depth of 43 inches (Fig . 20 ) . A large branch given off at a depth 
of 13 inches grew downward beside the tap root and ended at 42 
inches. A large number of laterals 6 to 13 inches long arose in 
the first foot and grew obliquely outward and downward. GrCJ'tlth of 
laterals in the compact soil of the second foot was greatly limited . 
In the third foot several large laterals which tur ned sharply down-
ward were found. Second- and third- order branching was extensive 
in the first and third foot. Three rhizomes originated at a 
depth of 1.75 inches and grew downward for 4 to 5 inches . 
The plant excavated at 13 weeks was very vigorous, being 
slightly larger than the other plants, and the tap root reached a 
depth of 6 feet 1 inch. A large number of laterals arose between 
depths of 2 and 6 inches and were 6 to 20 inches in length with a 
profusion of second- and third- order branches . Some of the smaller 
branches turned and grew upward until within 2 inches of the surface. 
Three large laterals arose in the second foot and one of them turned 
downward 6 inches from the tap root and followed a perpendicular 
course to a depth of 5 feet 5 inches . It had a profusion of hori-
zontal branches with an average length of 3 inches . In the sandy 
clay below 4 feet the numerous , l ong, white laterals had a large 
number of second- order branches 1 to 3 inches in length . There were 
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Fig. 20. Depth and branching of the root system 
and rhizome development of Vicia americana 
at 9 weeks, 13 weeks, and at the end of 
the season 
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in Figure 20. They grew out and down until 6 to 12 inches from the 
tap root and then leveled off at a depth of 6 to 12 inches. The 
two rhizomes shown are 23 .5 and 37 inches in length giving a lateral 
spread of 60.5 inches to the plant. Adventitious roots arose at the 
nodes, usually in pairs, and grew perpendicularly downward. These 
roots had a few horizontal branches 1 to 2 inches in length. 
The root system excavated at the end of t he season was only 5 
feet 3 inches in depth . The plant, although smaller than the one 
studied at 13 weeks, was as large as any of the remaining plants . 
The tap root, which was very large far the first 12 inches, had 
struck a very hard layer of soil at a depth of 22 inches which caused 
a great deal of twisting and t~ splitting of the tap root into 6 
branches. This might partially e:xplain tbe shallower penetration . 
Twelve major laterals and 35 smaller ones were found on the first 
6 inches of the tap root and 6 major roots on the second 6 inches. 
The first foot of soil contained a maze of roots from this profuse 
branching . 
A total af 14 rhizomes, 3 of which are shown in Figure 20, 
were found. Two rhizomes arose at a depth of 1 inch and the re-
mainder at 1.5 inches. The rhizomes shown in Figure 20 are 24 and 
38 inches in length with the third one curving upward 11 inches 
from the plant tu give rise to the top previously described. The 
rhizomes had a much larger number of adventitious roots than at 13 
weeks. In addition to the long, white, vertical roots which are 
shown, a considerable number of shorter roots arose, especially 
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near the base of the rhizomes. The rhizomes were well branched 
near their ends and one branch had turned upward and was within 
3 inches of the . surface. The ends of the main branches of each 
rhizome removed curved upward. They were dull brown in color except 
for the terminal 10 inches which were white and very brittle. The 
extensive rhizomes gave a radial width of 5 feet 2 inches. 
DISCUSSION 
There was a great deal of similarity in the early development 
of the five species of legumes studied even though the mature tops 
and roots differ greatly in appearance. The amount of time required 
for germination was about the same as each species had at least 
started to emerge ]2 days after the seeds were planted. Except for 
Vicia americana, whose seed remained attached below ground until 
after the fourteenth day, the cotyledons persisted as functional 
organs for 4 or 5 weeks. 
y. americana had produced 4 leaves by the third day -while the 
first leaf did not appear on tbe other plants until the sixth day. 
At three weeks the number of leaves per plant varied only from 4 
to 7 for the 5 SJ;B cies. The first leaves always had fewer and smaller 
leaflets than leaves produced later in the season. After the t hird 
week y. americana and Petalostemon purpureus took the lead in number 
of leaves per plant. Psoralea cuspidata had the largest leaves at 
all times but ended the season with the smallest number. 
The growth in height has been plotted against time in Figure 
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Fig. 21. Comparison of growth rates of tops 
obtained by plotting height in inches 
against time in weeks 
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began to grow more rapidly after the fifth week. ~- purpureus and -
Y.. • americana increased their rate of growth after the seventh week 
while Psoralea tenuiflora and f• cuspidata increased in height at 
a fairzy even rate throughout the season. 
The young plants had a single stem and branches f irst appeared 
on the f. tenuiflora and Y... americana plants between the third and 
fifth week . ~- purpureus formed branches between the seventh and 
ninth week while the stems of P. cuspidata and !: . candidus did not 
branch until the tenth week. At 13 weeks when 65 per cent of the 
growing season had elapsed the plants had completed the following 
percentages of t heir growth in height;~• cuspidata 47.7, P. t enui-
flora 67.3, P. candidus 78.7, !:• purpureus 91.6, and V. americana 
100. Although~- candidus and P. purpureus increased in height more 
slowly , due in pa.rt to the early formation of terminal flower spikes, 
a considerable amount of t heir branch development occurred after the 
t hirteenth week. P. tenuiflora and K• cuspidata completed a much 
l arger porportion of their growth in both height and branching in 
t he same period. Although the 13-week Y..• americana plant was larger 
than t he one examined at the end of the season cons iderable growth 
took place in the formation and extension of branches and in the 
appearance and development of the rhizome plant. 
Flowers appeared when the plants were between 10 and 14 weeks 
old . Y..• a.nBricana had the fewest blossoms and was the only plant 
which did not bloom until frost. Very few seeds were farmed and 
none reached maturity. 
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Examination of the root systems shows that the juvenile root 
habits of all the species are very similar. Although laterals ap-
P ared on ~. tenuiflora and ~. purpureus roots by the sixth day and 
on other roots by the tenth day, growth in the fir st 3 weeks was 
limited primarily to extension of th3 prominent tap roots. Lateral 
roots assumed a position of importance on ~• purpureus and ~• candidus 
roots starting from th3 fifth week and by the ninth week constituted 
a large part of the root systems. ~ • tenuiflora and~• cuspidata, 
while attaining greater depths,had only short laterals until after 
the ninth week . y. arnericana was more generalized, having both a 
deep tap root and extensive laterals after the fifth week. 
There seemed to be a slight increase in the rate of growth in 
depth of~• tenuiflora, ~• cuspidata, and y. americana roots after 
the fifth week (Fig. 22). The very sharp angle of the f· cuspidata 
curve between 5 and 7 weeks is due primarily to the shallow, atypical 
5--week plant and not entirely to the indicated growth in that period. 
These plants maintained the increased growth rate until the thirteen-
th week and at this date had completed over 80 per cent of their 
growth in depth. While ~ • candidus and~- purpureus had completed 
only 57 .7 and 53 .7 per cent of their growth in depth at 13 weeks the 
large laterals arising on the first 4 inches of their tap roots were 
nearly as long and well branched as the tap roots. The root system 
of y. americana was well developed in both upper and lower levels 
but the long, branching rhizomes with their adventitous roots were 












Fig . 22 . 
TIME IN WEEKS 
2 3 7 9 13 20 
Comparative rates of growth of roots in depth 
from the beginning to the end of the season 
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By the end of the season the roots of f • cuspidata and P. 
tenuiflora had reached the seventh foot to become the deepest root 
systems. With the penetration of the tap roots to the lower levels 
the zone of absorption had moved downward. The absorbing roots of 
f• tenuiflora were found almost entirely between depths of 3.5 and 
6 feet. The main part of the f• cuspidata root system was found 
between depths of 2 and 5 feet. f· cuspidata. had a larger nrunber 
of vertically penetrating laterals originating in the second and 
third feet but lacked the long horizontal laterals of P. tenuiflora 
which gave this root the largest radial spread. The numerous laterals 
found in the first two feet on the younger roots were very temporary, 
having largely disappeared by the thirteenth week in both cases. 
Both plants displayed a tendency to develop double tap roots. 
~• purpureus had the most generalized type of root system at 
the end of the season. A great deal of the extension in both vertical 
and horizontal lines occurred after the thirteenth week. The very 
large lateral roots arising on the first 4 inches of the tap root 
gave rise to a vast number of roots in the first foot of soil as 
well as extending to depths of 5 or 6 feet. The 57 inch radial 
spread in tbe first foot was only 5 inches shorter than that 
attained by the :rhizomes of V. americana. The root system was 
quite massive to the 6-foot level and the higher orders of branches 
played a more important role than in aey of the other root systems. 
P. candidus closely resembled f• purpureus in its late 
development and prominent laterals. However most of its root system 
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was f ound above a dept h of 4 feet wi t h onl,,v a few roots reaching a 
depth of 6 feet . Br anching in the f irst foot , while extensive , was 
not as great in radial extent as f • purpureus . 
It was unfortunat e that tre last V. americana plant had a 
r ather shallow root system. However the plant grew as rapidly as the 
ot hers during the first part of the season and it is quite possible 
that continued development of tre 13-week pl ant would have resulted 
in the l argest root system. The 14 rhizomes, which had a large number 
of branches and a great number of adventitous roots provided a large 
absorbing area in the first 3 feet of soil . They also supplied the 
plant with gr eat vegetative reproduction potential . V. americana 
had the coarsest roots and those off• cuspidata were the finest . 
It was originally intended to make a close study of nodule 
formation but their occurrence was so erratic t hat little could be 
determined. Nodules were found on at least one plant of each species 
that was studied. They were found at widely varyinb depths on the 
younger plants but none was found on the root systems excavated at 
the end of t he season. 
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SilliJMARY 
The stuey was concerned with tbe top and root development of 
five native legumes during the first season. Seeds were planted in 
a deep, alluvial soil and the plants watered and kept free from 
competition to make growing conditions as favorable as possible. 
Roots and tops were examined at progressively i:ocreasing intervals 
throughout the season. 
Top development of Psoralea cuspidata proceeded rather slowly 
with a large part of the branch and leaf formation oc~Qrring in the 
last third of the season. Growing in a decumbent position after the 
fifth week , tbe plant reached a height of 11 inches and had 24 leaves 
and 24 flower spikes by the end of the season. Root development 
was characterized by the rapid extension of the tap root to 7 feet 
2.S inches by tre end of t he season. Absorbing roots were found 
almost exclusively below a depth of 2 feet with the maximum radial 
spread of 37 inches occurring in the fourth foot. 
The decumbent, well branched Psoralea tenuiflora reached a 
height of 13 inches by the end of the season. The maximu_m number 
of 155 leaves and 62 flower spikes occurred at 13 weeks. Loss of 
the lower leaves reduced the number by tre end of t he season but 
the tops did not break off as do those of mature plants. The very 
rapidly penetrating tap root grew over an inch per day for the first 
6 days and reached a depth of 7 feet 3 inches by tbe end of the 
season . Absorbing laterals were found almost entirely below a 
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depth of 3.5 feet. The maximum lateral spread of 4 feet occurred 
at a depth of 5 feet. 
The tops of Petalostemon purpureus developed slowly at 
first but the rate of growth increased after tre seventh week. 
The erect plant was 18 inches in height with 16 branches, 17 flower 
spikes and a large number of leaves at the encl of t he season. The 
tap root gr ew slowly until after the thirteenth week. At the end 
of the season a depth of 6 feet 8 inches had been reached. The 16 
major l aterals arising on tre f irst 4 inches of the tap root branched 
extensively to give a radial spread of 57 inches in the first foot 
and provided a large number of roots to a depth of 6 feet. 
Petalostemon candidus completed most of its branch and leaf 
formation i n t he last half of the seasono The erect stem was 25.5 
inches tall with 13 branches, 309 leaves and 10 flower spikes at 
the end of tre season. The slowly penetrating tap root was very 
similar t o that of~• purpureus until after t he t hirteenth week. 
Seasonal depth was 6 feet 2.5 inches. Six large laterals arising 
in the first 6 inches made up a large part of the r oot system 
which was heaviest in the first 4 feet. The maximum radial spread 
of 3 feet occurred at a depth of 4 feet. 
Tops of Vicia americana linearis gr ew very rapidly ani at 13 
weeks the viny, well branched plant had a length of 30 inches. A 
plant arising from a rhizome was 9 inches long by the end of the 
season. The tap root grew fairly rapid]y and reached a depth of 
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6 f eet 1 inch with extensive, well distributed laterals at 13 
weeks . Fourteen rhizomes present at the end of the season began 
development during the seventh week. They were 6 to 8 inches deep 
and well branched with many vertically penetrating adventitious 
roots. They gave the plant a radial spread of 5 feet 2 inches. 
BIBLIOGRAPHY 
Albertson, F. W., Ecology of the Mixed Prairie in West Central 
Kansas. Reprinted from Ecological Monographs, 7:484-547, 
October, 1937. Lancaster: Lancaster Press, Inc ., 1937. 66 pp. 
Includes drawings and descriptions of root systems of mature 
plants as found in their native habitat. 
Biswell, Harold H., "Effects of Environment upon the Root Habits 
of Certain Deciduous Forest Trees," 
96:676-708, June, 1935. 
Botanical Gazette, 
An intensive study. of the effect of soils and light upon 
top and root development during tbe first season. 
Blake, Abigail Kincaid, Viability and Germination of Seeds and 
58 
Early Life History of Prairie Plants. Reprinted from Ecological 
Monographs, 5:405-60, October, 1935. Durham: The Duke University 
Press, 1935. 55 pp. 
Includes early top and root development of a rmmber of forbs 
and grasses. 
Frazier, John c., "Nature and Rate of Development of Root Systems 
of Convolvulus Arvensis, 11 Botanical Gazette, 104:417-25, March, 
1943. 
Drawings and discussion of top and root development from 
seed to tbe middle of the third season. 
59 
Frazier, John C., "Nature and Rate of Development of Root System 
of Lepidiwn Draba," Botanical Gazette, 105: 244-.50, December, 
1943 (a). 
Gives extent of root system at intervals during the first 
season. 
Frazier, John c., 11 Nature arrl Rate of Development of Root System 
of Centavrea Picris, 11 Botanical Gazette, 105:345-51, March, 
1944. 
Gives development of root system from seed to the end of the 
second season. 
Frazier , John C., "Nature and Rate of Development of Root System 
of Apocynum Cannabinum, 11 Botanical Gazette, 105 :463-70, June, 
1944 (a). 
Gives extent of root system at intervals during tre first 
season of growth . 
Holch, A. E. "Development of Roots and Shoats of Certain Deciduous 
Tree Seedlings in Different Forest Sites, 11 Ecology, 12:259-98, 
April, 1931. 
Excellent drawings and descriptions of root systems of tree 
seedlings in 3 different habitats. 
Hopkins, H. H., "Variations in the Growth of Side-Oats Gra.ma Grass 
at Hays , Kansas, from Seed Produced in Various Parts of the 
Great Plains Re.gion," Transactions of the Kansas Acadenzy- of 
Science , Vol. 44. Lawrence: The World Compnay, 1941. Pp. 
86-95. 
Discusses variations in top and root development during first 
and second season. 
Riegel, Andrew, 11A Study of the Variations in the Growth of Blue 
Grama Grass from Seed Produced in Various Sections of t he Great 
Plains, " Transactions of the Kansas Acadeley' of Science, Vol. 
43. Topeka : Kansas State Printing Plant, 1940. Pp. 155-71. 
Gives var iations in growth during the first season due to 
sourees of seed. 
Rydberg, P . A., Flora of the Prairies and Plains of Central North 
America . New York: The New York Botanical Garden, 1932. 
969 PP• 
An extensive key to t he flora of tbe mixed prairie. 
Weaver, J. E.1 The Ecological Relati ons of Roots. Carnegie 
publi cation No. 286. Washington: Carnegie Institute of 
Washington, 1919. 128 pp. 
An extensive study' of r oot systems in relation to their 
environment. 
60 
Weaver, J. E., Root Development in the Grassland Formation. 
Carnegie publication No. 292. Washington: Carnegie Institute 
of Washington., 1920. 151 pp. 
A very extensive, well illustrated study of the root systems 
of mature plants. 
Weaver, J.E. and Frederic C. Clements, Plant Ecology. Second 
~dition; New York: McGraw-Hill Book Co., 1938. 601 pp. 
Gives ecological background for study. 
Webb, John J., Jr., 11 The Life History of Buffalo Grass, 11 Trans-
actions of the Kansas Academy of Science, Vol. 44. Lawrence: 
The orld Company, 1941. Pp. 58-75. 
Found considerable variation in the development during the 
first year. 
61 
